Introduction
Ryujin-Jidori (RJ) is one of the breeds of native Japanese chickens. It is traditionally reared in Tanabe City (formerly Ryujin Village), Wakayama Prefecture, Japan. Although there is no exact record about its origin, the breeders of RJ believe that this breed was established in Ryujin Village more than 300 years ago. In the 1990's, a small number of RJ individuals reared in Ryujin Village were provided to a fancy breeder in Nara Prefecture. In April, 2012, only 68 adult birds (sires and dams) of RJ were accounted for in both Wakayama and Nara Prefectures. Therefore, the status of this breed is in the category of "Critical Breed" as defined by FAO, of which less than 120 breeding individuals are accounted for (Scherf, 2000) . The plumage color of adult RJ males is similar to that of the wild type. On the other hand, female plumage shows incomplete lacing in each feather that is different from the wild type. Furthermore, the RJ chicks possess similar striped pattern on their dorsal body surface to that on the wild type, whereas the whole pigmentation on the neonatal plumage is deeper blackish than that of the wild type (Oka et al., 2013) .
Previously, Oka et al. (2009) revealed that a reduction of genetic diversity has occurred in this breed from 1994 to 2007 based on microsatellite DNA analysis. Judging from the fact, there is a possibility that this breed will undergo further reduction of genetic diversity thereafter. It is important for rescuing critical breeds to reveal the present status of genetic diversity and degree of inbreeding so as to prevent additional reduction of the genetic diversity. Actually, some researchers have proposed conservation strategies for chicken breeds showing small population sizes, based on the analysis of microsatellite DNA polymorphisms. Tadano and Kataoka (2014) suggested appropriate mating schemes for the Gifu-Jidori, another native Japanese chicken breed. Tadano et al. (2009) and Oka et al. (2014) also revealed some methods to conserve the special chicken breed, Tosa-no-Onagadori designated as a National Natural Treasure of Japan. Besides these Japanese breeds, Zanetti et al. (2011) proposed the conservation strategy of five native Italian chicken breeds.
In the present study, microsatellite DNA polymorphisms were analyzed to reveal the genetic diversity and structure of RJ from the viewpoint of conservation of this breed.
Materials and Methods

Samples Analyzed
RJ populations analyzed in this study are shown in Table  1 . Blood sampling was performed from all 68 individuals (possible sires and dams) reared by all breeders in Wakayama and Nara Prefectures. In Wakayama Prefecture, blood samples were collected from 55 adult birds reared by four breeders. Among them, eight birds were kept by a breeder in Iwade City (TMY), 36 by two breeders in Tanabe City (SGK and SGH), and 11 by the Laboratory of Poultry, Livestock Experiment Station, Wakayama Prefecture (STA). The STA population birds were derived from the TMY population. In addition to these, blood was collected from 13 birds reared by a breeder in Uda City, Nara Prefecture (SKM).
DNA Extraction and Genotyping
Genomic DNA was extracted from blood samples using a standard phenol-chloroform method (Sambrook and Russell, 2001 ). Twenty-nine microsatellite loci recommended by ISAG/FAO (FAO, 2004) were amplified by PCR using the GenAmp 9700 PCR System (Applied Biosystems, Foster City, CA). The PCR conditions were the same as those of our previous study (Oka et al., 2009) . Genotyping was performed using the ABI PRISM 310 Genetic Analyzer and Genemapper 3.7 software (Applied Biosystems).
Statistical Analysis
Based on allele sizes at 29 loci, total and mean number of alleles (TNA and MNA), corrected number of alleles (allelic richness: AR), expected and observed heterozygosity (H E and H O ), and inbreeding coefficient (F IS ) were estimated using FSTAT 2.9.3 program (Goudet, 1995) to compare the genetic diversity among populations. To reveal the genetic structure of RJ populations, F-statistics (F IT , F ST , and F IS ) and pairwise F ST among populations were estimated using FSTAT 2.9.3 program. A phylogenetic tree using neighbor joining (NJ) method (Saitou and Nei, 1987) was constructed based on D PS genetic distance calculated from the proportion of shared alleles (Bowcock et al., 1994) to reveal the genetic relationships among RJ individuals. The Structure program (Pritchard et al., 2000) was used to reveal the hidden genetic structure of RJ populations in 2012.
Results
The genetic diversity indices (MNA, AR, H E , and H O ) estimated in RJ populations are summarized in Table 2 . In the 29 microsatellite loci, 14 (SGK) to 20 (STA) loci were monomorphic. MNA and AR ranged from 1.34 (STA) to 1.55 (SKM) and from 1.34 (STA) to 1.50 (SKM), respectively. H E ranged from 1.40 (SGH) to 0.174 (SGK). SGK and SKM populations showed high diversity as compared with the STA population. Significant and positive F IS value was estimated in the SKM population, and negative values were estimated in the TMY and STA populations (P＜0.05).
In the RJ populations, a significant sub-division was observed (F IT ＝0.138±0.061, P＜0.01). Although the degree of genetic differentiation among populations was significant (F ST ＝0.160±0.036, P＜0.01), the inbreeding coefficient within the population was not significant (F IS ＝ −0.027±0.033, P＞0.05). The pairwise F ST ranged from 0.011 (TMY-STA) to 0.297 (SGH-STA). Significant F ST values were estimated between the SGH and the other populations and between the SKM and the other populations (P＜0.01). In the D PS -NJ tree (Fig. 1) , Wakayama populations were separated from that in Nara. In the Wakayama clusters, individuals derived from the four populations (SGK, SGH, TMY, and STA) were mixed in the tree except for eight birds from the SGH population.
In the Structure analysis, K＝5 was adopted by all the indices of optimum K value (11.138 of ΔK and 0.940 of similarities in 20 runs), and K＝4 and 3 were followed (8.512 and 5.239 of ΔK, and 0.932 and 0.926 of similarities). At K ＝5 of Structure analysis (Fig. 2) , most birds of the SKM population showed unique genetic composition (shown in green). In the Wakayama populations, the SGH population included birds showing unique composition (orange). The SGK population showed three other colored genetic compositions (shown in red, blue, and pink). The red was also seen in some individuals in the SGH population, and blue and pink were recognized in both TMY and STA populations. At K＝3 and 4, the SKM population was also separated.
Discussion
The MNA and H E estimated in the SGK and SKM populations in 2012 were 1.55 and 0.174, and 1.55 and 0.171, respectively (Table 2 ). In addition, those in all Wakayama populations were 1.59 and 0.177, respectively. Moreover, those in all RJ populations (68 individuals) reared in Wakayama and Nara Prefectures in 2012 were 1.59 and 0.187. These values of MNA and H E in 2012 are similar to those estimated in the SGK (MNA: 1.53 and H E : 0.198) and SKM (MNA: 1.57 and H E : 0.213) populations in 2007 (Oka et al., 2009) . The 29 microsatellite DNA markers used for the populations in 2012 were the same markers as those out of the 30 markers used for the populations in 2007. These facts revealed that no reduction of genetic diversity occurred between 2007 and 2012.
Although there was no specific morphological differences in body shape, body size, and plumage color (Oka et al., 2013) , the SKM and SGH populations were genetically separated from the other populations both in the NJ tree and STRUCTURE analysis (Figs. 1 and 2 ). Significant F ST values between the SKM and the other populations and between the SGH and the other populations also supported the NJ tree and Structure analysis. Additionally, the SKM population showed positive and significant F IS value. These are thought to have resulted from the isolation of the Nara population from Wakayama populations. The Nara population was derived from one Wakayama population (SGK) in the 1990's and maintained as a small-sized population with basically no further exchange of birds between the two populations. Judging from the topology of the phylogenetic tree, structure analysis, and F ST value, there were no genetic differentiations in the RJ populations in Wakayama Prefecture except for the SGH population. The genetic differentiation of the SGH population from other Wakayama populations is thought to have arisen from short-term genetic drift and founder effect because the SGH is a small-sized population derived from the SGK population in relatively recent times (Oka et al., 2013) .
Although there is no reduction of genetic diversity between 2007 and 2012, it is apparent that genetic diversity in RJ is quite low judging from the values of MNA and H E and lower than those of the Koeyoshi breed that previously showed the lowest values among native Japanese chicken breeds studied thus far. According to the study of Oka et al. (2010) , MNA and H E of the Koeyoshi breed were 1.93 and 0.248, respectively. Also, Osman et al. (2006) have reported those values as being 1.75 and 0.21, respectively. The lowest genetic diversity observed in RJ apparently indicates Oka et al.: Genetic Diversity of Ryujin-Jidori the necessity for immediate conservation of RJ.
From the results of the present genetic study, two schemes are proposed for the future and immediate conservation of the RJ breed. One is that the Nara population should be maintained separately from the Wakayama populations because it showed genetic differentiation from the Wakayama populations as of 2012. The other is that all RJ birds should be conserved as one population with periodical exchanges of birds among Nara and Wakayama populations because there is no significant morphological differences in body shape, body size, and plumage of RJ birds among them (Oka et al., 2013) , and there is a possibility that the Nara population might become extinct through inbred deficiency in the near future. In any case, to conserve the RJ breed, it is first important to increase the number of individuals in each population and avoid inbreeding when matings are performed to produce next generations. Also, the cooperation of public institutions will help the conservation of this breed.
